We trace the star formation regions in the SMC and study their properties. The size and spatial distribution of these regions is found to support the hierarchical scenario of star formation, whereas, the evaluation of their intensity, contributes to the understanding of the various stages of star formation. Their -2 -connection to the LMC-SMC close encounter, about (0.9 − 2) × 10 8 years ago, is investigated as well. The SMC, being almost edge-on, does not easily reveal these areas, as is the case with the LMC. However, a study through multi-wavelength images such as optical, IR and radio has been proved very useful. A selection of areas, with enhanced 60 and 100-µm infrared flux and emission in all IRAS bands, identifies the star forming regions. All of the identified regions are dominated by early-type stars and considering their overall size (increasing order) a total of 24 aggregates, 23 complexes, and 3 super-complexes were found. We present their coordinates, dimensions, and IR fluxes. Moreover, we correlate their positions with known associations, SNRs, and HII regions and discuss their activity.
INTRODUCTION
The Magellanic Clouds, being so close to our galaxy, are the most appropriate example of galaxies in order to study star formation in large scale, and due to their proximity, there are data available in various wavelength regimes. Moreover, the Magellanic Clouds and the Milky Way form an interacting system of galaxies, with tidal forces having significant effects on triggering star formation events.
In a previous paper (Livanou et al. 2006) , we studied the connection between various tracers of star formation in the LMC, using different wavelength regimes. In the present paper we conduct an investigation of the SMC, based upon similar data. A distance of 63 kpc is used throughout; however, owing to the large depth of the SMC along the line of sight (Mathewson et al. 1988; Hatzidimitriou & Hawkins 1989) , we shall account and correct for this whenever necessary.
Star complexes are the largest and oldest objects among the various size stellar groupings, which start from the multiple stars. The younger and smaller clusters are always within the older and the larger ones. This hierarchy is similar to one observed in the interstellar gas distribution and, in fact, is the result of the latter. Sometimes a galaxy hosts some very bright complexes, which consist of OB-associations and HII regions. They were called long ago the superassociations and represent the local starbursts (Efremov 2004) .
Interestingly, in these simulations the peak of the star formation rate occurs 200-300 Myr after the first encounter event, so that the star formation rate may still be rising at the present epoch, 200 Myr after the second interaction (Yoshizawa & Noguchi 2003) . It is then reasonable to attempt tracing the effect of this enhancement on the current appearance of the SMC. Maragoudaki et al. (2001) have studied the spatial distribution of the SMC stellar population according to their age, based on optical data. They concluded that the old stellar population shows a rather regular and smooth distribution, which is typical for a spheroidal body, while the younger stellar component is highly asymmetric and irregular, probably due to the severe impact of its close encounter with the LMC some 0.2-0.4 Gyr ago. In particular, the wing and the tail structures are already evident at (3.4 − 4.0) × 10 8 yr, while the new generations of stars appear mainly along the northeast-southwest direction forming the bar. The bar becomes prominent at an age of about (1.2 − 3.0) × 10 7 yr and hosts all stars with age less than 8 × 10 6 yr, showing how important the recent star formation is for the morphology of the SMC and giving us an indication of were star-forming, even starburst, regions are expected to be detected.
Star forming regions have been found in both Clouds (Maragoudaki et al. 1998 (Maragoudaki et al. , 2001 to include smaller regions with enhanced star formation activity, supporting the hierarchical scenario of large scale star formation process (Efremov & Elmegreen 1998) . Ranking them by increasing size, we use the terms: aggregates, complexes and supercomplexes. Considering the intensity of their star formation activity we use the terms: starburst regions and active regions, based on the criteria set by Livanou et al. (2006) for the LMC. Moreover a comparison with LMC reveals that the relevant frequence of the same size structures in the MCs is similar, independently of LMCs larger size. However, star formation is considerably enhanced in the LMC, probably due to higher total mass, H 2 abundance and metalicity. Throughout this work we study the large scale star formation in the SMC. We investigate the criteria of detection of star forming regions and evaluate the intensity of star formation activity in each one and compare with LMC.
In Sect. 2 the observational material is presented. In Sect. 3 we describe how the starforming regions are selected in images at 60 and 100 µm. We estimate their dimensions, rank them by size (aggregates, complexes and super-complexes) and compare with those in optical and radio data. In Sect. 4 the intensity of activity of the selected starforming regions is discussed and their characteristics are given. 
OBSERVATIONAL MATERIAL
In the optical domain, we used the direct photographic plates in U, V and I of the SMC, taken with the 1.2-m UK Schmidt Telescope. The plates that cover an area of 6.
• 5 × 6.
• 5, centred at α = 01 h 07 m 22. s 8, δ = -74
• 44 ′ 00. ′′ 1 (J2000), were digitized by the fast measuring machine SuperCosmos, providing us with catalogues of detected stars and their corresponding CMDs (Maragoudaki et al. 2001) . Based on these data, we created star count images of main-sequence stars for different magnitude slices and pixel sizes, plotting iso-pleth contour maps in order to trace stellar concentrations. The optimum result was achieved for a 750 × 750 pixel image with pixel sizes corresponding to 9.53 pc. The mean value m and standard deviation σ of the background star density were calculated as the average of four relatively empty regions in the star count image. For the image of the brightest main sequence stars (13. m 5 < m < 13. m 83), the minimum contour level was set at m + 3σ above the mean background density and the step between different contours was set at 1 σ.
We also used the 12, 25, 60, and 100 µm IRAS images by Bontekoe et al. (1999) to produse the infrared isodensity contours of the SMC. They were reconstructed by the HI-RAS program using the Pyramid Maximum Entropy Method (Bontekoe et al. 1994) . The 1024 × 1024 images are centred at α = 01 h 00 m 54.98 s and δ = -72
• 54 ′ 47 ′′ (J2000), covering a 4.
• 3 × 4.
• 3 field of view, corresponding to a pixel size of 4.48 pc. For each frame, the mean background value m and standard deviation σ were calculated by the four rather clean corner areas. The plotted contours have 1σ steps over the m + 3σ value.
Ionized gas is prominent in star forming regions and its emission stands out clearly in the radio domain. Therefore, we used the 8550 MHz radio continuum map published by (Haynes et al. 1986 ). The observation was carried out in 1988 November using the Parkes 64-m radio telescope over a 400 MHz bandwidth. Sources with known flux density and position were also observed and used as calibrators. The resulting 201×151 pixel map, centred at α = 00 h 56 m 41. s 4 and δ = -72
• 43 ′ 47. ′′ 6 (J2000), covers a 3.
• 5 × 2.
• 5 field of view, corresponding to a pixel size of 28.27 pc.
DETECTION OF STARFORMING REGIONS

Selection
The selection of the starforming regions in the SMC was not as straightforward as that in the LMC (Livanou et al. 2006) . The optical image is not the most appropriate to identify star-forming regions since the main body of the SMC, appearing almost edge-on, absorbs a significant amount of the optical light. The radiation from hot young stars is absorbed by dust grains, which heat up and re-emit the energy in the infrared. Especially FIR luminosity is found to be a good indicator of star formation activity. It is known that the flux in 60, and 100 µm characterizes the FIR luminosity of a region. The total far-infrared luminosity is:
( 1) where C(60/100) is the color correction dependent on the fitted temperature (Cataloged Galaxies and Quasars Observed in the IRAS Survey, 1985) (Lonsdale et al. (1985) ; Helou et al. (1988) ; Lehnert & Heckman (1995) ). Thus the intensity of star formation is well represented from the images at 60 and 100 µm. Almost all of the regions of enhanced infrared luminosity, can be identified in all four IRAS images, but most of them have been found systematically smaller at 12 and 25 µm, so we did not use them for our final results. We therefore compared the images at 60 and 100 µm to decide for the final selection and size of the adopted regions. All selected regions are found in both maps with similar sizes (less than 10% difference), thus we could choose either to reveal the borders of the starforming regions. We selected areas with increased 60 and 100-µm infrared flux, which show emission in all IRAS images and resulted in 50 star forming regions ( Fig.1 top) . The calculated emission of each area in the four IRAS wavebands can be seen in Table 2 .
Sizes
For the size classification of the starforming regions we adopted the values given by Maragoudaki et al. (1998) . Aggregates are groupings with sizes between 150 and 300 pc, complexes range between 300 and 1000 pc and super-complexes exceed 1000 pc in diameter, which in our case is set as the major axes of the fitted ellipses. It has to be emphasized that all large structures are found to include smaller. In an attempt to estimate the sizes of these areas, ellipses were fitted to the structures in the 100-µm IRAS image, such as to resemble the structure of each area in the best possible way. However, the edge-on orientation of the SMC required projection corrections to be taken into account. After applying these corrections, 24 aggregates, 23 complexes, and 3 super-complexes were revealed. Fig. 1 shows these regions overplotted on the maps at 100 µm, 8550 MHz and the optical, with green ellipses indicating aggregates, blue corresponding to complexes, and red depicting super-complexes. From the correlation with the optical image of the brightest main sequence stars, we infer the age of the stellar content. The age of this stellar population is younger than 8×10 6 yr (Maragoudaki et al. 2001) , giving evidence of being a result of the most recent encounter of SMC and LMC about (0.9 − 2) × 10 8 years ago (Gardiner & Noguchi 1996) . Lehnert & Heckman (1995) found that IR-"warm" (F 60 /F 100 ≥ 0.4) and IR-"bright" (F 60 ≥ 5.4 Jy) galaxies show strong evidence of forming massive stars at unusually high rates. Thus if any of the detected star forming regions was found with F 60 /F 100 ≥ 0.4 and F 60 ≥ 5.4 Jy, it could be considered as a region of enhanced star formation activity. It could even be characterized as starburst if it also had excess of 8550 MHz emission (Livanou et al. 2006) . The correlation of the groupings with the Lehnert & Heckman (1995) criterion can be seen in Fig. 2 . It is apparent that 8 regions are clearly separated relatively to the rest, occupying the left part of the diagram. However, none of the groupings have F 60 above the 5.4 Jy threshold.
ACTIVITY OF STARFORMING REGIONS
The stage of evolution of the regions can be estimated by the 8550 MHz map, where enhanced emission reveals areas of on-going star formation, since it reflects mainly thermal emission from ionized gas. Col. 10 of Table 1 indicates the existence or not of 8550 MHz emission, after correlation of the detected star forming regions with the 8550 MHz map. The initial radio map had different pixel size and field of view from the IRAS images. A scaling was performed in all images in order to have the same characteristics, therefore the final images are identical in terms of their sizes and angular resolution. However, there are areas that are not commonly contained in all the images used here, since the observations in the four different wavebands (radio continuum, FIR, optical) have different coverages; such areas are indicated with 'n/a' in Table 1 and 3. Apart from the stellar grouping A2, which is outside the radio continuum map, the other 7 regions are strongly correlated with the 8550-MHz emission.
Although all eight groupings are correlated with areas where very bright stars are located (see Fig. 1 -optical) , none of these eight regions exhibit any increased formation of high-mass stars according to the Lehnert & Heckman (1995) criterion. Contrary to the LMC, where 13 such regions were found, "starburst regions" in the SMC were not identified. The 50 stellar groupings listed here are "active complexes" with clear indications for eight of them showing more intense activity of star formation.
Finally, starbursts are expected to have a larger amount of SNRs, HII regions, and stellar associations than normal galaxies. Fig. 3 shows the distribution of stellar associations, SNRs and HII regions, plotted over the IRAS 100-µm image. Results can be seen in Cols. 7, 8 and 9 of Table 1. The catalogue compiled by Bica & Schmitt (1995) is used to cross match the areas of interest with these objects. The detected starforming regions obviously contain a larger number of SNRs, HII regions, and stellar associations than their environment. This fact strengthens our claim that star formation is enhanced in these areas. Fig. 4 shows a comparison between the two Magellanic Clouds. The left panel shows the frequency distribution of the IR luminosities at 100 µm, with solid lines for the SMC and dashed for the LMC. The right panel shows the frequency distribution for each kind of stellar grouping identified in each galaxy, where black bars represent the LMC and grey the SMC. LMC is almost face-on so there are no intrinsic differences in the luminosity due to distance. For the SMC corrections due to depth have to be considered. Mathewson et al. (1988) studied the distances of 61 Cepheids along the SMC bar, revealing a three dimensional prespective for the SMC. The distribution of these Cepheids showed that the northeastern section of the bar is 10-15 kpc closer than the southern section. Thus, luminosities in the northeast, the central and the southwest part of the bar may vary up to 12.3, 6.25, and 9.75 % respectively. However, in some extreme cases this factor may extend up to 50 %.
COMPARISON OF THE LMC WITH THE SMC
It appears that the relative frequencies of aggregates, complexes, and super-complexes in both galaxies are almost the same, while the star-forming activity differs significantly. The histograms of their 100-µm luminosities (adopted at 63 kpc) were fitted with Gaussians such as to reveal similarities in these distributions. Apart from a shift of their centres, the Gaussians reflect similar properties. The best fit for the SMC produces a Gaussian centred at logL 100 =5.51 (in units of L ⊙ ), with an amplitude of 0.349±0.015 and a standard deviation of 0.60±0.03, while for the LMC the center is located at logL 100 =6.56, with an amplitude of 0.307±0.025 and a standard deviation of 0.648±0.024. Within the range defined by the errors, shapes of these Gaussians can be considered as identical. The shift is not significantly affected by the depth, as explained above and can be a result of the known difference in the colour-corrected flux F 100 for the SMC is 15.51×10 3 Jy and 190.6×10 3 Jy for the LMC (Rice et al. 1988 ).
CONCLUSIONS
We have identified the large scale star-forming regions in the SMC in order to investigate its activity. This study is associated to the past interaction history of the LMC and SMC, which had a close encounter about (0.9 − 2) × 10 8 years ago. For the identification of the star-forming regions a selection was based upon an increased 60 and 100-µm infrared flux and then compared to the optical and radio image. Ranking them by increasing order of size, we detected 24 aggregates, 23 complexes, and 3 super-complexes. It has to be emphasized that all large structures include smaller ones, supporting the hierarchical scenario of star formation in large scales.
All of the identified regions are dominated by early-type stars. These stars are found to be younger than ∼8×10 8 years old and thus are believed to be formed as a consequence of the LMC-SMC close encounter.
In order to classify these regions in terms of their activity we compare their IR fluxes with those of other galaxies, in particular starburst galaxies. We find none of the star forming regions detected here to fulfill the criteria of starburst regions contrary to what is observed in the LMC. However 8 of the star forming regions are more active than the rest.
By inspecting optical and radio images of the SMC, we have assessed any correlation with known associations, SNRs and HII regions. The southern-most part of the bar of the SMC appears to be the most diverse in terms of star formation activity, which is probably connected with its large depth along the line of sight. For the northern part of the bar we conjecture that star formation has started in the recent past, mainly inferred from the lack of SNRs and the low number of stellar associations.
If this activity in both galaxies is considered to be triggered, during their recent close encounter, the intensity of this activity is evidently much higher in the LMC than in the SMC. Could this reflect the difference in the total mass, in gas or metallicity between these galaxies? Was the gas removed from the less massive galaxy (SMC) more easily preventing high star formation activity?
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